Cooperation of phosphoinositides and BAR domain proteins in endosomal tubulation.
Phosphorylated derivatives of phosphatidylinositol (PtdIns) regulate many intracellular events, including vesicular trafficking and actin remodeling, by recruiting proteins to their sites of function. PtdIns(4,5)-bisphosphate [PI(4,5)P2] and related phosphoinositides are mainly synthesized by type I PtdIns-4-phosphate 5-kinases (PIP5Ks). We found that PIP5K induces endosomal tubules in COS-7 cells. ADP-ribosylation factor (ARF) 6 has been shown to act upstream of PIP5K and regulate endocytic transport and tubulation. ARF GAP with coiled-coil, ankyrin repeat, and pleckstrin homology domains 1 (ACAP1) has guanosine triphosphatase-activating protein (GAP) activity for ARF6. While there were few tubules induced by the expression of ACAP1 alone, numerous endosomal tubules were induced by coexpression of PIP5K and ACAP1. ACAP1 has a pleckstrin homology (PH) domain known to bind phosphoinositide and a Bin/amphiphysin/Rvs (BAR) domain that has been reported to detect membrane curvature. Truncated and point mutations in the ACAP1 BAR and PH domains revealed that both BAR and PH domains are required for tubulation. These results suggest that two ARF6 downstream molecules, PIP5K and ACAP1, function together in endosomal tubulation and that phosphoinositide levels may regulate endosomal dynamics.